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Shipping CO2 emissions, trade 

and carbon intensity
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Now 20502000’s

Evidence of recent trends in 

energy efficiency

Using big data to understand trends 

and drivers of shipping activity, 

energy demand/emissions

Evidence of how the future of 

energy efficiency/GHG might look

Using models to explore what-ifs for 

future market and policy 

Focus of our shipping research and consultancy work



Zero-emission fuel adoption 2030-2050 needs 

to be rapid, irrespective if the target is zero by 

2050 or 2070

Source: UMAS GloTraM (2019), UK Clean Maritime Plan

2050 decarbonization (1.5oC aligned)

GJ

2070 decarbonization (IMO aligned)

GJ

Graphs show optimal

fuel mix reached in

analysis of several

candidate zero emission

fuels for UK’s Clean

Maritime Plan in 2019

* *



Total cost of operation

= additional fuel cost + additional capital cost of mcy + additional capital cost of storage -

lost capacity (revenue)

Production process capex/opex/efficiency
Feedstock 

prices

Machinery and 

storage, capex, 

efficiency, size

BW 

UMAS and World Bank forthcoming 



LR and UMAS, 2020, Techno-economic assessment of zero carbon fuels

High price scenario, 80,000dwt bulk carrier, total annual 

additional cost

NG+CCS fuels 

consistently cheaper 

than e-fuel (but not zero)

Ammonia consistently 

cheaper than synth 

hydrocarbons, 

Biofuel increases in 

price

Ammonia 

competitiveness 

improves with time

Hydrogen and e-LNG 

20-50% more 

expensive on total 

cost basis 

NG+CCS fuel

E-fuel

biofuels



Total cost of operation, component costs

LR and UMAS, 2020, Techno-economic assessment of zero carbon fuels



Competitiveness comparison…*

• Price of NG 
reduces from $ 
4/MMBTU 
to $ 1/MMBTU

• CCS capex 
reduces by 50%

• Fuel cell capex 
reduces by 80%

Reference
ship

NG-NH3 & ICE
NG:  4 $/MMBTU

NG-NH3 & ICE
NG: 2 $/MMBTU

NH3 price:
550 $/HFOe
CCS capex:

-50% (133 $/tonne)

NG-NH3 & ICE
NG: 1 $/MMBTU

CCS capex:
-50% (133 $/tonne)

NG-NH3 & FC
NG: 2 $/MMBTU

NH3 price:
550 $/HFOe
CCS capex:

-50% (133 $/tonne)
FC capex:

-80% (100 $/Kg)

NG-NH3 & FC
NG: 1 $/MMBTU

NH3 price:
550 $/HFOe
CCS capex:

-50% (133 $/tonne)
FC capex:

-80% (100 $/Kg)

NG-H2 & FC
NG:  2 $/MMBTU

H2 price:
420 $/HFOe (1.2 

$/kg)
CCS capex:

-50% (133 $/tonne)
FC capex:

-80% (100 $/Kg)

NG-H2 & FC
NG: 1 $/MMBTU

H2 price:
420 $/HFOe (1.2 $/kg)

CCS capex:
-50% (133 $/tonne)

FC capex:
-80% (100$/Kg)
H2 storage capex:
-50% (33 $/kg)

Engine cost

Voyage cost

Revenue Loss

Storage cost

Carbon price 50$/tonne

*medium-sized bulk carrier, LR UMAS (2017). Zero-Emission 

Vessels: Transition Pathways



• Convergence:
– Total cost of operation increase re 

HFO/LSFO

– Ammonia likely dominant in long-run, but 
wider emissions and safety needs answers

– Internal combustion likely least cost (but does 
not mean FC not high potential)

– Shipping likely to need large volumes of 
low/zero hydrogen (feedstock)

• Divergence:
– Rate of decarbonisation

– Sustainable bioenergy avail

– Timescale to transition

– Flexibility of different machinery/fuel 
pathways)
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Key drivers variability? How can we handle them?

Technology cost and efficiency assumptions 

and their evolution over time

Be transparent on these assumptions, 

allow ease of comparison

Cost/maturity of handling by product GHG 

and air pollution species (NO2/NOx/NH3) 

Assume exhaust treatment needed, 

transparent cost assumption

Costs of managing safety for different 

fuel/mcy

Add transparent safety ‘margin’ onto 

capex and opex

Input prices, wider energy system transition 

pathway, relevant to:

• Infrastructure leverage

• Production scale/cost-reduction 

leverage

• Competition for constrained supply

Derive feedstock input and analysis 

assumptions from whole economy (not 

just energy system) view with coherent 

climate/temp goal assumptions



How might transition happen?
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Where will the 

hydrogen/ammonia come from?

Evaluation of potential for a “first blue then green” hydrogen transition 

Forthcoming: WB, UMAS (2020) Role and potential of zero-carbon bunker fuels  



Based on this, S-curve modelling implies a need for ~5% of zero 

emission fuels in international shipping by 2030
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Decarbonization by 2050 Decarbonization by 2070

27% by 2036

93% by 2046

61% by 2046

5% by 2030

3% by 2030

• S-curves generated to match UMAS 

scenarios as closely as possible

• Works well for 1.5C scenario. For IMO 

scenario the implied increase from 27% 

to 61% in 2046 cannot be fitted to an 

S-curve, hence a lower value for 2036 is 

generated here, 11%

• Curves suggest 3-5% needed by 2030. 

As the IMO-aligned curve produces a 

too low result for 2036 (11%) it is likely 

best to aim for 5% regardless of 

scenario
11% by 2036

Zero emission fuel adoption rate (percent of fuel per year)

Forthcoming: COP Climate Champions and UMAS



The ”Green Hydrogen Catapult” aims for 25GW by 2025 and 

reaching $2/kg…

• Founding members - Six

green hydrogen industry

leaders and the Rocky 

Mountain Institute

• To deploy 25 gigawatts renewables-

based hydrogen production, boosting 

current ambition 2.5x

• Halving the current cost of hydrogen to 

below US$2 per kilogram

• To align the production and use of green 

hydrogen with a trajectory that 

displaces fossil fuels at a rate 

consistent with achieving net zero 

global emissions by 2050

Target 2026

Target 2050

COP Climate champions



5% zero-emission fuels in 2030 could be achieved by a combination 

of container, tanker and domestic shipping

Source: UMAS, 4th IMO GHG Study

Total energy from zero 

emission fuels 2030

Ammonia and 

LPG tankers use 

ammonia as fuel

10 deep-sea 

container routes

National/regional 

shipping 

decarbonized 

30%

~1%

~2%

~3% 5-6%

Which ships will want zero carbon 

fuels?



National strategy (and industrial 

strategy) can move faster than IMO

• Commitment on fleet decarbonization

• Commitments on ports/supply chain for fuels/bunkering

• Commitments on finance



Concluding remarks

• Hydrogen will be needed maybe

– Hydrogen (compressed liquefied)

– Ammonia

– Other 

• We are at the learning by doing stage

• Concept design, approval, guidance, pilots etc. 
critical now 

• There are lots of niches and pressures increasing 
and creating opportunity, let’s exploit these

18



Maritime consultancy delivering applied solutions for a carbon constrained future

Backup material



Role of LNG – what if we did have an 

LNG phase and decarbonized?
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Role of LNG in the transition towards low-/zero-carbon shipping 36 

Figure 7 and Figure 8 show that the scale of investment needed is large and that the majority of this 

investment is tied to producing zero-carbon ammonia. 

3.2.2 Investments required for the use of LNG as a temporary fuel 

How much additional investment is needed to develop the infrastructure and fleet where LNG serves 

a temporary fuel? 

In the LNG uptake ‘Near-Term Substitution’ case, a significant quantity of LNG use as a bunker fuel is 

forced into the shipping fleet from 2021 onwards. This leads to additional capex relative to the 

baseline case, which does not see any significant uptake of LNG. The evolution of the fleet assumed 

is identical to the one used to assess the GHG implications in sub-section 3.1. This means that all 

new builds from 2021 will be LNG-powered vessels and the existing oil-burning fleet remains so until 

the end of their economic lives. This assumption is deemed valid due to the challenges of retrofitting 

LNG to an existing HFO vessel. Again, from the 2030s, the fleet then transitions to a zero-carbon fleet 

comprised of ammonia-powered vessels. This final zero-carbon transition is delivered through a mix 

of retrofits (to ammonia from LNG) and ammonia newbuilds. 

The resulting fuel mix in the LNG uptake ‘Near-Term Substitution’ case is provided in Figure 9. Under 

the two scenarios of full decarbonization by 2050 and by 2070, this case based on Future 2 

‘Temporary role for LNG’ shows a rapid increase in LNG use as a bunker fuel between 2021 and 

2031. 

Under the ‘full decarbonisation by 2070’ scenario, LNG’s share in the bunker fuel mix rises to 

approximately 30% by 2031, before declining from 2031 as the bunker fuel mix moves rapidly towards 

ammonia. This 30% increase in LNG market share is greater than the upper bound scenarios 

examined in the literature review in section 2 (the highest share projected was 21%), but provides a 

useful test case for comparison with the LNG uptake ‘Baseline’ case (based on Future 3, ‘A limited 

role for LNG’). 

Under the ‘full decarbonisation by 2050’ scenario, about 47% of the fleet (in terms of number of ships) 

use LNG as a temporary fuel in 2031. By 2036, this share drops to 22% due to the rapid retrofitting of 

LNG ships to ammonia. Once a policy driver for ammonia will be in place, it will be primarily the 

younger fleet that will experience retrofits as newer ships have a longer period for return on 

investment. Less retrofitting is expected for the 15 years and older ships where a retrofit return would 

need to be shorter, and appears less financially compelling. These dynamics reveal a potential 

investment risk for the land-side LNG infrastructure, since the declining LNG throughput may become 

insufficient to service the debt payments under such a sharp market contraction. 
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• Decarbonisation will likely see retrofitting of existing fleet to 

zero, as well as zero emission newbuilds

• 2020’s built LNG fueled ships are more likely candidates for 

retrofit to hydrogen/ammonia than older ships – demand for 

LNG as a marine fuel falls of fast from its peak 



Role of LNG – past and present 

forecast
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Role of LNG in the transition towards low-/zero-carbon shipping 18 

MSI (2019) provides a benchmark for short-term model projections, as it predicts the evolution of 

LNG-fuelled fleet up to 2025 by considering the current LNG-fuelled fleet and order book.  According 

to this study, LNG-fuelled vessels account for 10% of the order book for vessels over 10,000 gross 

Tonnes. An additional 15% are ‘LNG-ready’: they have anticipated conversion to being LNG fuelled, 

but will need a technical retrofit to achieve this. The projection shows that by 2025 LNG may attain a 

total market share of 2%5 (in energy terms), representing the consumption of some 7-9 million tonnes 

of LNG per year. By assuming that all of the ‘LNG ready’ fleet are converted to run on LNG prior to 

2025, then the LNG fuel market would increase to 10-11 million tonnes per year, representing a 3% 

market share in bunker fuel sales on an energy basis in 2025. 

Figure 2: Estimated LNG take up by 2025 and 2030, % of fuel demand compares various LNG uptake 

projections found in the literature6 with those estimated by MSI in 2019 and 2025. Based on these 

findings, DNV GL (2019) appears likely to be overestimating LNG demand in the near-term (12% in 

2025, compared with ~2-3% in 2025 from MSI, 2019). DNV GL’s 2030 projection is also significantly 

higher than the projections from the other studies considered (21% in 2030). When considered in 

combination, DNV (2012) and DNV GL (2019) show similar levels of overestimation relative to what 

has happened, or is happening, with the uptake of LNG as a bunker fuel. More broadly, this overview 

suggests that there is a considerable degree of uncertainty in short-term LNG projections (2020-

2030). 

 

Figure 2: Estimated LNG take up by 2025 and 2030, % of fuel demand7 

2.1.3 Long-term projections (up to 2050) 

The IMO Third Greenhouse Gas Study (2014) presented two pathways for LNG in 2050, neither of 

which meets the current IMO decarbonisation target (2018). These pathways consist of a lower LNG 

demand pathway where LNG attains an 8% market share by 2050, and a higher LNG demand 

pathway where it attains a 25% market share in the same year. A particularly pertinent result from this 

 
5 Calculated based on data provided in MSI, 2019; excluding LNG carriers 
6 When share of fuel demand was not directly provided in the reports, they have been estimated based on the data provided in 
the reports 
7 The graph has been constructed using data in the text and in figures provided by the referred articles. Data for MSI, 2019 and 

LR, 2012 were originally expressed in shares of demand expressed million tonnes per year. They have been converted to 
shares of demand expressed in energy terms by using the following fuel densities: 55,000 MJ/t for LNG, and 40,490MJ/t for 
HFO/LSHFO (it was assumed that the remaining demand in 2019 and 2025 was covered by HFO and LSHFO). In 2019, LNG 
share is <1% but reported in all the studies. Only Baresic et al (2018) and DNV GL (2019) provide an estimate of LNG uptake 
by 2030. 

0%
2%

0%

3% 3%

0%

3%

7%

0%

3%

10%

0%

4%

0%

11%

4%

12%

21%

0%

5%

10%

15%

20%

25%

2019 2025 2030

LN
G

 a
s 

%
 o

f 
en

er
gy

 f
u

el
 d

em
an

d

MSI, 2019 Baresic et al, 2018 'Limited Gas' scenario

Baresic et al, 2018 'Transition' scenario Baresic et al, 2018 'High Gas' scenario

LR, 2012 'Base Case' scenario LR, 2012 'High Case' scenario

DNV GL, 2019 'Design Requirements' scenario

LNG’s uptake has a history of optimism

2020 LNG ~ 1% of fuel mix

The IMO’s initial strategy means a move 

away from fossil fuel, many therefore 

estimate weak demand growth to 2030 or 

max 2040, then contraction

IEA ETP 2020, 2 degrees



Role of LNG is there any GHG benefit?
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Role of LNG in the transition towards low-/zero-carbon shipping 32 

maritime fleet. Figure 5 shows the CO2eq lifecycle GHG emissions for the scenario where 

decarbonisation is achieved by 2070. 

  

 

Figure 4: Total lifecycle CO2 emissions (including upstream, midstream and downstream emissions). 
This figure does not include the impacts of any methane leakage. 

  

 

Figure 5: Total lifecycle CO2eq (including upstream, midstream and downstream emissions). This figure 
includes the impact of methane leakage using the 100-year GWP of 25. 

Figure 4: Total lifecycle CO2 emissions (including upstream, midstream and downstream emissions). 

This figure does not include the impacts of any methane leakage.shows that even in an idealised 

case, with comprehensive market uptake, a longer decarbonisation timeframe (decarbonisation by 
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Zero by 2070

- Even if 30% of energy demand in 2030 is met LNG, the impact on the 

GHG trajectory of the fleet is noise. There is no compelling GHG benefit –

relative to the scale of the decarbonization challenge the sector faces

- There are greater air quality benefits, but these are also achieved with 

zero emission fuel/machinery



Bioenergy?

SSI, 2019, The role of sustainable biofuels in the decarbonization of shipping


